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Abstract. Environmental pollution of urban areas is one of the key factors that local agencies 
and authorities have to consider in the decision-making process. To succeed a sustainable management 
of the environment, there is necessary to use different kinds of instruments in order to evaluate and 
forecast the evolution of the environmental state. Understanding temporal and spatial distribution of 
air quality is essential in making decisions for regional management. In this paper a model for urban 
air quality forecasting using time series of monthly averages concentrations is presented. Sedimentable 
dusts (SD), total suspended particulates (TSP), nitrogen dioxide (NO2), and sulfur dioxide (SO2), 
imissions, recorded between 1995 and 2008 in the urban area of Târgovişte city are used as inputs in 
the model. The measured pollutant data from the local Environmental Agency database were 
statistically analyzed in time series including monthly patterns using the auto-regressive integrated 
moving average (ARIMA) method, linear trend, simple moving average of three terms and simple 
exponential smoothing. There was discussed the efficiency of using this method in forecasting the 
environmental air quality. In general, ARIMA technique scores well in predicting the analysed 
environmental air quality parameters. 
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INTRODUCTION 
 
Air quality forecasting is one of the core elements of contemporary urban air quality 
management and information systems (Amberg et al., 2006). The PN2 Project “Sustainable 
Management System of Resources Used for Monitoring and Evaluating the Environmental 
Risks in Order to Prevent the Negative Effects and to Manage Crises Situations - 
MEMDUR”, (http://memdur.ssai.valahia.ro), has as main objective to design, develop, test 
and implement in DâmboviŃa County an advanced management system which has to assure 
the evaluation of the environmental risk in order to administrate the crises situations, in 
accordance with the demands required by the sustainable development on local, regional and 
national level.  
In the Dambovita County the city of Targoviste is one of the most important locations 
for possible environmental air crises because of its high atmosphere pollution induced by 
different agents: dusts, gases, noises from the industrial plants and road traffic. Because the 
demands of the UE legislation, it is necessary to create and use friendly instruments for a 
sustainable environmental management at local and regional level. These instruments have to 
manage spatial and temporal databases of the most important climatic and environmental 
indicators and provide forecasting and solutions to prevent and manage potential crises (Song, 
2008). 
Urban air quality information is created when methods, tools or human judgment are 
applied over a data set that is usually comprised of time series records resulting from the 
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operation of monitoring stations. Mathematical methods and tools may provide with 
forecasting capabilities, thus offering decision makers with the opportunity to take preventive 
measures that would “smooth” or alter the results of a forecasted “episode” or even “crisis”. 
Air quality monitoring insures the information aggregation required to plan the urban 
environmental quality and the realization of the control feedback connection to reach the 
objectives of such planning together with the potential pollution warning capabilities for local 
residents. Air quality forecasting might consider statistical approaches or techniques or the 
mathematical models. The use of time-series modeling is a versatile instrument in managing 
the atmospheric emissions and imissions of pollutants in urban areas (Trivellas and 
Hrissanthou, 2003). The city of Targoviste was selected for this case study. Air quality time 
series consists of complex linear and non-linear patterns and are difficult to forecast. Box–
Jenkins Time Series (ARIMA) and multilinear regression (MLR) models have been often 
applied to air quality forecasting in urban areas (Odriozola et al., 1998, Pan and Su-Tsu, 2008, 
Katsoulis and Pnevmatikos, 2009). 
The aim of the study was to analyse the temporal patterns of air pollutants 
observations and to determine their trends in the urban area of Targoviste. The problem of air 
quality forecasting for sedimentable dusts (SD), total suspended particulates (TSP), nitrogen 
dioxide (NO2) and sulfur dioxide (SO2) imissions, was analysed using chronologic series of 
the imission data recorded between 1995 and 2007 or 2008 (depending on the pollutant) in the 
urban area of Târgovişte city. A model based on Box-Jenkins time series auto regressive 
integrated moving average (ARIMA) was considered. 
 
MATERIALS AND METHODS 
 
Acquisition of air pollution data. There were used official data recorded by the air 
quality monitoring network from the Environmental Protection Agency of the Dambovita 
County during the period 1995-2008 (http://www.apmdambovita.ro). Time series of following 
air pollutant concentrations were considered: sedimentable dusts (SD), total suspended 
particulates (TSP), nitrogen dioxide (NO2) and sulfur dioxide (SO2).  
Data processing. A statistical autoregressive integrated moving average (ARIMA) 
model was developed using the Box-Jenkins approach applied for the analysis of long term 
time series of the air quality records (http://www.duke.edu/~rnau/411arim.htm). The model 
developed was checked against real data (Pan and Su-Tsu, 2008, Dunea et al., 2008).  
Time series analysis assumes that the data consist of systematic pattern (identifiable 
components) and random noise (error), which makes the pattern difficult to identify. Most 
time series analysis techniques involve forms of filtering out noise making the pattern more 
salient (Goyal et al., 2006). The monthly average time series of Sedimentable Dusts during 
the period from 1995 through 2008 (N=168), and Total Suspended Particulates, Nitrogen 
Dioxide, and Sulfur Dioxide imissions during the period from 1995 through April 2008 
(N=160) were used as inputs in several statistical models. Since April 2008, the pollutant 
concentrations have been established using an automatic air quality station, which does not 
measure TSP but the PM10 fraction. The same raw data were used in models without any pre-
processing steps. The performance of the selected statistical models were evaluated and 
discussed according to root mean square error (RMSE), the statistical significance of the 
terms in the forecasting model and the results of five tests run on the residuals to determine 
whether each model is adequate for the data. Exponential smoothing was applied to establish 
the general trend of each pollutant concentration. Finally, suggestions were made regarding 
the enrichment of the approach used, in order to improve the forecasting performance. 
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RESULTS AND DISCUSSIONS 
 
Statistical approaches are frequently considered for short-term forecasting applied to 
real-time control of emissions or to air quality assessment. These methods have some 
advantages over deterministic approaches (Wang and Lu, 2006). Traditional statistical models 
including moving average, exponential smoothing and ARIMA are linear techniques, 
meaning that predictions of future values are constrained to be linear functions of past 
observations, under the assumption that the data series is stationary. Due to their relative 
simplicity, linear models have been the main research and application tools. However, one 
weakness of the ARIMA model resides in the assumption that the examined time-series is 
stationary and linear, and therefore has no structural changes (Diaz-Roblesa et al., 2008). 
Temporal distributions of main pollutants. The observed and with ARIMA modeled 
time series for the most important pollutants responsible for the diminution of the air quality 
are plotted as follows: sedimentable dusts - SD (Fig. 1.a), total suspended particulates - TSP 
(Fig. 2.a), nitrogen dioxide - NO2) (Fig.3.a) and sulfur dioxide - SO2 (Fig. 4.a). The time 
series contain the monthly average values of these parameters during the period 1995-2008. 
Using specific filtrations the results plotted in Fig. 1b, 2b, 3b, 4b were obtained for the 
analised pollutants. 
Sedimentable dusts time series analysis. The monthly maximum amounts for the 
sedimentable dusts in Târgovişte did not exceed the monthly MAC (17 g/m2 per month). The 
most suitable statistical model was ARIMA (3,0,2). The data covered 168 time periods 
representing monthly averages of sedimentable dusts imission concentration between 1995 
and 2008. The P-values for the AR (3), for the MA (2) terms and for the constant term were 
less than 0.05. The model with the smallest root mean squared error (RMSE) during the 
estimation period was ARIMA model (Tab. 1). The selected model passed four tests. Since no 
tests were statistically significant at the 95% or higher confidence level, the Box-Jenkins 
model was considered the most adequate for the data. 
Tab. 1  
Statistical models used for the time series analysis of sedimentable dusts in Targoviste: Root mean square error 
(RMSE) and the results of five tests run on the residuals 
 
Model RMSE Passed test run on the residuals 
ARIMA(3,0,2) with constant 2.53921 4 
Linear trend = 
7.68136 + -0.00867713 t 2.85305 3 
Simple moving average of 3 terms 3.00978 2 
Simple exponential smoothing with alpha = 0.1062 2.86388 3 
 
The correlation coefficient of 0.49 indicated a relatively weak relationship between the 
ARIMA (3,0,2) forecasted variables and observed raw data. A statistically significant 
relationship at the 99% confidence level was observed, since the P-value in the ANOVA table 
was less than 0.01. 
The standard error of the estimate shows the standard deviation of the residuals to be 
2.49951. The model predicted the following values for the next three months: 4.7377, 5.9616, 
and 6.6120. 
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Fig. 1a. Monthly average of sedimentable dusts observations vs. the ARIMA model (3,0,2) predictions for the 
imissions in Targoviste urban area (1995-2008) 
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Fig. 1b. Exponential smoothing of sedimentable dusts time series - the general trend 
 
Total Suspended Particulates (TSP) time series analysis. The annual average 
concentrations values often exceeded annual MAC (0.075 mg/m3) in Targoviste, town 
considered as PM10 fraction risk area at national level. The statistical model with the smallest 
RMSE (24.13) during the estimation period was the simple moving average of three terms 
method, which passed only one test run on the residuals. However, ARIMA (1,0,3) presented 
the smallest mean absolute error (MAE =17.27) and the smallest mean absolute percentage 
error (MAPE) and a RMSE of 24.6, passing three tests on the residuals. The three statistics 
RMSE, MAE and MAPE measure the magnitude of the errors. The correlation coefficient of 
0.81 and R-squared of 66.19% indicated a moderately strong relationship (P<0.001) between 
the ARIMA (1,0,3) forecasted variables and observed data. The model predicted the 
following values for the next three months: 65.15, 66.49, and 67.15. 
Nitrogen Dioxide (NO2) time series analysis. The data covered 160 time periods 
representing monthly averages of nitrogen dioxide imission concentration between 1995 and 
April 2008. The P-values for the AR (2), for the MA (2) terms and for the constant term were 
less than 0.05. The statistical model with the smallest RMSE (6.15) during the estimation 
period of NO2 in Targoviste was ARIMA (2,0,2), which passed five tests run on the residuals. 
Since no tests were statistically significant at the 95% or higher confidence level, the Box-
Jenkins model was considered the most adequate for the data. The correlation coefficient of 
0.69 and R-squared of 47.77% indicated a moderately strong relationship between the 
ARIMA (2,0,2) forecasted variables and observed data. The model predicted the following 
values for the next three months: 23.59, 26.07, and 25.70. 
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Fig. 2a. Monthly average of TSP observations vs. the ARIMA model (1,0,3) predictions for the imissions in 
Targoviste urban area (1995- April 2008) 
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Fig. 2b. Exponential smoothing of TSP time series - the general trend 
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Fig. 3a. Monthly average of NO2 observations vs. the ARIMA model (2,0,2) predictions for the imissions in 
Targoviste urban area (1995- April 2008) 
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Fig. 3b. Exponential smoothing of NO2 time series - the general trend 
 
Sulfur Dioxide (SO2) time series analysis. Within the Targoviste area, exceeding of the 
limit values of the annual MAC was recorded between 1996 and 2008. The statistical model 
with the smallest RMSE (13.38) during the estimation period of SO2 in Targoviste was 
ARIMA (3,0,3), which passed four tests run on the residuals. The correlation coefficient of 
0.88 and R-squared of 78.57% indicated a statistically significant relationship between the 
ARIMA (3,0,3) forecasted variables and observed data. Figure 4b presents the decreasing 
trend of SO2 monthly concentrations between 2004 and 2007. The model predicted the 
following values for the next three months: 5.67, 7.43, and 9.54. 
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Fig. 4a. Monthly average of SO2 observations vs. the ARIMA model (3,0,3) predictions for the imissions in 
Targoviste urban area (1995- April 2008) 
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Fig. 4b. Exponential smoothing of SO2 time series - the general trend 
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General overview of the statistical model performances. The ARIMA model gave 
better qualitative forecasting than the other statistical methods concerning the time series 
analysis. 
Tab. 2 shows a general overview of the model performances for each atmospheric 
pollutant, according to the forecasted/observed correlation coefficients of the ARIMA model 
used for the air quality time series forecasting in Targoviste urban area. The tests focused 
mainly on the fitting analysis of the modeled series to the observed series in order to facilitate 
the model selection for each air quality parameter. In this paper, the models’ ability to forecast 
one month or couple of months ahead concentration data is presented. 
Tab.2 
General overview of the ARIMA  model forecasting performances for Targoviste air quality time series 
 
Pollutant Statistical Model 
Correlation 
coefficient 
observed/predicted 
One month ahead 
predicted 
concentration 
Recorded data (real 
concentration) 
Sedimentable dusts - SD ARIMA (3,0,2) 0.49 4.73 N/A* 
Total suspended 
particulates - TSP 
ARIMA 
(4,0,3) 0.81 65.15 N/A 
Nitrogen dioxide - NO2 ARIMA (3,0,2) 0.69 23.59 27.61 
Sulfur dioxide - SO2 ARIMA (3,0,3) 0.88 5.67 6.2 
*N/A – not available 
 
CONCLUSIONS 
 
Air quality time series consists of complex linear and non-linear patterns and are 
difficult to forecast. Box–Jenkins Time Series (ARIMA) and multilinear regression (MLR) 
models have been often applied to air quality forecasting in urban areas, but they have limited 
accuracy owing to their inability to predict extreme events. A better forecasting is offered by 
artificial neural networks (ANN) or hybrid models. Results show a good index of agreement, 
accompanied by a weakness in forecasting alarms. Statistical modeling techniques can 
provide approximations to supplement results from computationally expensive analytic 
methods. In this experiment, significant results for air quality data forecasting were obtained 
for TSP and SO2 time series. 
In general, ARIMA technique scores well in predicting the analysed environmental air 
quality parameters. 
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